Gibco. Paisley. UK) in RPMI-1640 medium (Gibco) supplemented with 5% (v v) heat-inactivated fetal calf serum (FCS; Imperial. UK) and 2 mM L-glutamine (Gibco) at 36.5°C in a humidified atmosphere of 500 carbon dioxide in air.
Testicular germ cell tumours. in contrast to most other types of cancer. are venr sensitive to chemotherapeutic drugs. and over 80% of patients are cured using cisplatin-based combination chemotherapy (Peckham. 1988) . Cisplatin is also the most effective single agent used for the treatment of advanced bladder cancer but. although cisplatin-based combination chemotherapy achieves responses in 40-500 of patients. remission durations are short and the cure rate is close to zero (Tannock et al.. 1989 : Seidman and Scher. 1991) . We have demonstrated that testis tumour cell lines retain their sensitivity to chemotherapeutic drugs in vitro (Walker et al.. 1987 : Masters et al.. 1993 . When testis and bladder cancer cell lines were exposed to cisplatin. similar amounts of DNA damage were induced. indicating that the differential sensitivity is related to events which follow cellular damage. such as the stress response (Walker. 1990 ). Our aim is to determine which molecular mechanisms are responsible for the sensitiVity of testis tumour cells to drugs.
The involvement of heat shock proteins (HSPs) in protecting cells from the adverse effects of heat and other pathological stresses. such as exposure to ethanol. certain heavy metals. L-v irradiation. oxygen free radicals and some cases of viral infection. is well established (Craig. 1985: Lindquist and Craig. 1988 : Morimoto et al.. 1990 : Schlesinger et al.. 1990 : Welch. 1993 ). HSPs may also have a role in drug resistance (Richards et al.. 1995) . For example. cells with elevated levels of HSP 70 (Li. 1985 : Ciocca et al.. 1992 Lee et al.. 1992) and HSP 27 (Huot et al.. 1990 : Ciocca et al.. 1992 : Oesterreich et al.. 1993 ) are more resistant to some drugs. such as doxorubicin. The mechanisms controlling differential sensitivity to drugs and heat mav. therefore, overlap. The goal of this study was to determine whether the sensitivity of testis tumour cells to heat and drugs is associated with differences in constitutive and or induced expression of HSPs. Apnrl 1995
Materials and methods

Cell lines and culture conditions
The human testis tumour cell lines 833K (Bronson et al.. 1980) . GCT27 (Pera et al.. 1987) and GH (Lower et al.. 1981) and the human bladder cancer cell lines HT1376 (Rasheed et al.. 1977) . MGHU1 (Bubenick et al.. 1973) and RT112 (Masters et al.. 1986 ) were all grown under identical conditions as monolayers in tissue culture flasks (Nunc.
Gibco. Paisley. UK) in RPMI-1640 medium (Gibco) supplemented with 5% (v v) heat-inactivated fetal calf serum (FCS; Imperial. UK) and 2 mM L-glutamine (Gibco) at 36.5°C in a humidified atmosphere of 500 carbon dioxide in air.
Colon v-forming assaYs.-heat sensitivitY and thermotolerance For heat sensitivity expenments. exponentially growing cells were harvested. The colony-forming efficiencies were 9.900 + 1.0% for 833K. 11.4% ± 2.1% for GCT27. 7.8% ± 1.2% for GH. 19.5% ± 3.2% for HT1376. 24.7% ±4.6% for RT112 and 24.6% ± 7.8% for MGHU1. The number of cells plated was adjusted to produce approximately 200 colonies in each control dish for all the cell lines. After 20 h incubation preheated medium was added and the cells were incubated at 42'C or 45'C for intervals ranging from 0 to 24 h. The temperature was controlled to within ± 0.2'C. After a further 12-14 days culture at 36.5'C. colonies were fixed and stained. The number of colonies consisting of 50 or more cells was determined and the percentage colony-forming efficiency (CFE) of the heat-shocked cells calculated as a proportion of the colony number in the appropriate control group. For each assav. three Petri dishes were prepared for each time point and assays were repeated at least three times.
For thermotolerance experiments. cells were given a priming heat treatment of 42'C for 20 mn. 1 or 2 h. incubated for a further -36 h at 36.5'C and then given a lethal heat shock which reduced the CFE of the controls by 50-60%. For each assav. three Petri dishes were prepared for each time point and assays were repeated at least three times. (Figure 2b ). The latter result was confirmed using a monoclonal antibody specific for HSP 72 (Figure 2c ). The relative levels of HSP 72 detected in the various cell lines using the HSP 72-specific antibody were different from those obtained using anti-HSP 73172; this may be due to differences in the nature or availability of the epitopes recognised by these antibodies. Protein synthesis Control and heat-shocked cells were washed three times with methionine-free medium supplemented with 5% dialysed FCS and 2 mM L-glutamine and incubated for 1 h at 36.5°C in 1 ml of methionine-free medium containing 50 jCi of [35SJmethionine (ICN Flow, specific activity 37.67 TBq m-'), washed and lysed as described above. To detect newly synthesised proteins, equal numbers of cells (50 000 the testis and bladder cancer cells. As indicated in Table I and Figure 2d , when equal numbers of cells were analysed, relatively large amounts of HSP 27 were detected in the bladder cell lines. whereas no HSP 27 was detected in any of the testis cell lines under the same blotting conditions. However, by increasing the blotting and exposure times. it was possible to detect the low levels of HSP 27 in the testis tumour cells (see Figure 5 ). (Figure 6b ) indicated that the heat-sensitive testis tumour cell line 833K exhibited the greater increase in accumulated levels of these HSPs. Also, as for all other heat shocks, HSP 27 levels increased more in 833K than in HT1376 (Figure 6b ). Thermotolerance A priming heat shock of 42'C for 20 min, which has no effect on CFE (Figure la) .ii..S 3.1 4.2 8.9 8.6 11.6 114 4.1 Figure 4 Western blot showing accumulated levels of HSPs in 833K and HT1376 at various times after a heat shock of 42'C for 2 h. Cell lysates (50 000 cells) were separated by SDS-PAGE, using a 12.5% resolving gel. Numbers at the top of the autoradiogram indicate the time (in hours) after heat shock that the lysate was prepared. Numbers underneath each signal represent the fold increase in HSP levels above the control value (C). HSPs were detected using monoclonal antibodies and a peroxidase-labelled secondary antibody. (Lindquist and Craig. 1988; Hahn and Li. 1990 ; Li and Werb. 1990; Welch, 1990) . The development of thermotolerance ( Figure 7 ) and the increase in accumulated levels of any of the HSPs investigated (Western blotting experiments: Figures 3 and 4) were not coincident. In both cell types the maximum increase in levels of HSP 90. HSP 73 72 and HSP 27 occurred well before the peak in thermotolerance. However, these findings do not preclude a role for HSPs in the development of thermotolerance in these cells since, as discussed by Kampinga (1993) , the distribution. concentration and localisation of HSPs to critical sites in the cell may influence the acquisition of thermotolerance. To investigate this possibility, we need to investigate the localisation of HSPs in these cell lines before and after heat shock.
In conclusion, our results suggest that constitutive HSP in testis cancer cells do not protect these cells from the adverse effects of a heat shock to the same extent as HSP in bladder cancer cells. In view of the evidence indicating that HSP 70 (Li, 1985; Ciocca et al., 1992) and HSP 27 (Ciocca et al.. 1992; Huot et al., 1990 Huot et al., . 1991 Oesterreich et al.. 1993) contribute to drug resistance in some cells, it is tempting to speculate that the low levels of HSP 27 in the testis cells might also contribute to their drug sensitivity. We have shown that a number of other factors might contribute to the sensitivity of testis tumour cells. including DNA repair capacity (Bedford et al., 1988) and topoisomerase II levels (Fry et al.. 1991) . We now plan to determine whether HSP 27 and these other pathways interact and their possible influence on the response to chemotherapy of testis tumours in the clinic.
Abbreviations HSP. heat shock protein; SDS. sodium dodecylsulphate.
